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Background of the Invention 

The present invention relates to controlled release silicone coating compositions. More particularly, the 
present invention relates to controlled release ultraviolet (UV) radiation-curable epoxyfunctional silicone 
compositions containing an epoxy-functionalized siloxane resinous copolymer as a controlled release 
additive. 

Silicone compositions are widely used as release coatings for rendering a surface relatively nonad- 
herent to other materials which would normally adhere closely thereto. Because of their high reactivity, low 
cost, ease of maintenance, and low potential hazard to industrial users, UV-curable epoxyfunctional silicones 
are particularly suitable for release applications. UV-curable epoxyfunctional silicone release compositions 
are known in the art and are described, for example, in U.S. Patent Nos. 4,547,431 (Eckberg); 4,576,999 
(Eckberg); 4,279,717 (Eckberg); 4,421,904 (Eckberg et al.); and 4,952,657 (Riding et al.). 

As used herein, the term "release" refers to the force required to separate an adhesive from a surface 
to which it is adhered. "Controlled release additives" (or "CRAs") are materials added to composition to 
raise the release of the composition. 

Controlled release additives for silicone release coating compositions are known in the art. Reference is 
made, for example, to U.S. Patent Nos. 4,123,604 (Sandford, Jr.); 3,527,659 (Keil); 4,547,431 (Eckberg); and 
4,952,657 (Riding et al.). 

U.S. Patent Nos. 4,123,604 to Sandford, Jr. and 3,527,659 to Keil, and commonly assigned U.S. 
Application serial no. 416,576, filed September 10, 1982, now abandoned, describe MQ and vinyl MQ 
resinous copolymers as release-increasing controlled release additives for heat-curable silicone release 
systems. 

U.S. Patent No. 4,547,431 (Eckberg) discloses a controlled release ultraviolet radiation-curable epoxy 
functional controlled release composition comprising an epoxyfunctional diorganopolysiloxane, a 
photocatalyst, and an epoxy monomer. The epoxy monomer, in sufficient amounts, functions to raise the 
release of the cured release composition. 

U.S. Patent No. 4,952,657 to Riding et al. (Riding) discloses the use of a phenolic epoxysilicone 
copolymer as a controlled release additive for an epoxy functional silicone release coating. The phenolic 
epoxysilicone copolymer controlled release additive used in the Riding composition provides a maximum 
release level of only 150-200 g/2 inches. 

There is a present need -in the marketplace for controlled release additives that can provide release 
levels of as high as 500g/2 inches against various pressure sensitive adhesives, such as natural rubbers, 
acrylics and the like. 

Accordingly, the primary object of the present invention is to provide an improved controlled release 
epoxyfunctional silicone composition having increased release levels, i.e., of at least about 500 g/2 inches. 

It is a further object of this invention to provide a method for increasing the release levels of a UV- 
curable epoxyfunctional silicone composition. 

These and other objects are achieved in the present invention. 

Summary of the Invention 



The present invention is based on the discovery that the release of a UV-curable epoxyfunctional 
silicone release composition can be increased to 500 grams/2 inches and higher by combining the release 
composition with critical amounts of a resinous copolymer containing dialkylepoxy siloxane monovalent 
units, trialkylsiloxane monovalent siloxane units, and tetravalent siloxane units, and a hydrocarbon or 
halogenated hydrocarbon solvent. 

The present invention provides an improved controlled release ultraviolet radiation-curable epoxyfunc- 
tional silicone composition, comprising: 

(A) an epoxyfunctional diorganopolysiloxane having the general formula 

R 2 R 1 SiO(RR 1 SiO) x (R2SiO) y SiR 2 R 1 (I) 

wherein R is individually a lower alkyl radical having from 1 to about 8 carbon atoms; R 1 individually is a 
monovalent cycloaliphatic epoxyrfunctional organic radical having from 2 to about 20 carbon atoms; "x" 
is a number ranging from about 1 to about 50; and "y" is a number ranging from about 1 to about 1000; 

(B) a catalytic amount of a photocatalyst or a combination of photocatalysts; and 

(C) from about 1% to about 30% by weight based on (A) of a siloxane resinous copolymer comprising 
monovalent R§ Si0 1/2 and R 3 R| Si0 1/2 units and tetravalent Si0 4 /2 units, the ratio of the monovalent units 
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to tetravalent units being from about 0.6:1 to about 1.1:1; wherein R 2 individually is a monovalent 
hydrocarbon radical of no more than 2 carbon atoms, R 3 is a monovalent epoxy functional organic radical 
of from about 2 to about 20 carbon atoms; the R 3 R| SiOi/2 units comprising from about 1% to about 90% 
of the total number of monovalent units present. 
5 The composition of this invention preferably further comprises (D) a hydrocarbon or halogenated 

hydrocarbon solvent. 

Release compositions having a release of 500 grams/2 inches and higher are achieved by using 
component (C) at an amount within the range of from about 20% to about 30% by weight based on (A) and 
component (D) at an amount sufficient to provide the release composition with a solids content of 20% and 
70 a solvent content of about 80% by weight based on the weight of the total composition. 

Brief Description of the Drawing 



FIG. 1 is graph which plots the relationship between the amount of the controlled release additive, i.e., 
75 component (C), and the release characteristics, measured in grams/2 inches, of the UV-cured epoxyfunc- 
tional silicone controlled release composition of the present invention. 

Detailed Description of the Invention 



20 Component (A) is an epoxyfunctional diorganopolysiloxane having the general formula 

R 2 R 1 SiO(RR 1 SiO) K (R 2 SiO) y SiR 1 R 2 (I) 

wherein R is individually a lower alkyl radical having from 1 to about 8 carbon atoms; R 1 individually is a 

25 monovalent cycloaliphatic epoxy-functional organic radical having from 2 to about 20 carbon atoms; "x" is a 
number ranging from about 1 to about 50; and "y" is a number ranging from about 1 to about 1000. 

In the epoxyfunctional polydiorganopolysiloxane of formula (I), R is preferably a methyl group and R 1 is 
preferably a group derived from 4-vinylcyclohexeneoxide. The value for "x M is preferably from about 1 to 
about 20 and most preferably from about 1 to about 10. The value for "y" is preferably from about 1 to 

30 about 100 and most preferably from about 95 to about 100. 

The epoxy functionality is obtained when certain of the hydrogen atoms on the polysiloxane chain of a 
polydialkyl-alkyllhydrogensiloxane copolymer are reacted in a hydrosilation addition reaction with other 
organic molecules which contain both ethylenic unsaturation and epoxide functionality. Ethylenically unsatu- 
rated species will add to a polyhydroalkylsiloxane to form a copolymer in the presence of catalytic amounts 

35 of a precious metal catalyst. 

The vinyl- or allyl-functional epoxides contemplated are any of a number of aliphatic (glycidyl) or 
cycloaliphatic epoxy compounds having olefinic moieties which will readily undergo addition reactions with 
SiH-functional groups. Commercially obtainable examples of such compounds include allyl glycidyl ether, 
methallyl glycidyl ether, 1-methyl-4-isopropenyl cyclohexeneoxide (limoneneoxide, SCM Corp.), 2,6- 

40 dimethyl-2,3-epoxy-7-octene (SCM Corp.), 1,4-dimethyl-4-vinylcyclohexeneoxide (Viking Chemical Co.), and 
4-vinyl cyclohexene monoxide. 4-vinyl cyclohexene monoxide is preferred. 

Component (B) is a photocatalyst or combination of photocatalysts, which promotes the UV cure of the 
epoxyfunctional silicone. Preferred photocatalysts for the epoxyfunctional silicone compositions are the 
onium salts having the formulae: 

45 

R* 2 TMXn 
R< MX,, 
R3 Se*MX„ 
Rj P^MX,, 
50 R^ N*MXn 

wherein each R A is independently an organic radical of from 1 to 30 carbon atoms. Radicals represented by 
R 4 include aromatic carbocyctic radicals of from 6 to 20 carbon atoms which can be substituted with from 1 
to 4 monovalent radicals selected from C (1 ^) alkoxy, C (1 . 8 ) alkyl, nitrogen, chloro, bromo, cyano, carboxy, 
55 mercapto, and the like, as well as aromatic heterocyclic radicals including , e.g., pyridyl, thiophenyl, pyranyl, 
and the like. 

In the onium salt formulaes provided above, MX; is a non-basic, non-nucleophilic anion, such as BF4-, 
PF 6 -, AsFs-, SbF 6 -, SbCI 6 -, HSO4-, CIO*-, and the like. 
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The preferred onium salts for use in the composition of this invention are the diaryliodonium salts, such 
as bis(dodecylphenyl)iodonium hexafluoroarsenate and bis(dodecylphenyl)iodonium hexafluoroantimonate, 
with bis(dodecylphenyl)iodonium hexafluoroantimonate being the most preferred. 

The amount of catalyst used is not critical, so long as proper cure is effected. As with any catalyst, it is 
5 preferable to use the smallest effective amount possible; however, for purposes of illustration, catalyst levels 
of from about 1% to about 5%, and preferably from about 1% to about 3%, by weight based on the weight 
of component (A), have been found suitable. 

Component (C) is a siloxane resinous copolymer controlled release additive comprising a siloxane 
resinous copolymer comprising monovalent R§ Si0 1/2 units ("M n units) and R 3 R| Si0 1/2 units ("M e " units) 
to and tetravalent Si0 4/2 units ("Q" units), the ratio of the monovalent units to tetravalent units being from 
about 0.6:1 to about 1.1:1; wherein R 2 individually is a monovalent hydrocarbon radical of no more than 2 
carbon atoms, R 3 is a monovalent epoxy functional organic radical of from about 2 to about 20 carbon 
atoms; the monovalent R 3 R 2 Si0 1/2 units comprising from about 1% to about 90% of the total number of 
monovalent units present. 

15 In the formulas of the units present in the siloxane resinous copolymer of component (C), radicals 

represented by R 2 include, for example, methyl, ethyl, or vinyl. Preferably, R 2 is methyl or vinyl, and most 
preferably methyl. 

In preferred embodiments of the resinous copolymer of component (C), R 2 is methyl, and R 3 is a radical 
derived from 4-vinylcyclohexeneoxide and has the formula: 

20 



-CH 2 -CH 2 - 

25 

The R 3 Rl Si0 1/2 units preferably comprise from about 10% to about 50% and most preferably from 
about 10% to about 25% of the total number of monovalent units present in the resinous copolymer of 
component (C). 

30 The siloxane resinous copolymer of Component (C) can be prepared from the addition reaction between 
a precious metal catalyst, a vinyl epoxide, and a SiH-containing resin. 

The SiH-containing resinous copolymer used in making component (C) consists essentially of mon- 
ovalent R 2 Si0 1/2 and HR 3 Si0 1/2 units and tetravalent Si0 4 /2 units, wherein R 2 is as defined previously 
herein. SiH-containing resinous copolymers containing monovalent and tetravalent units and methods for 

35 preparing them are described in U.S. Patent No. 4,774,310 to Butler, which is hereby incorporated by 
reference herein. 

Typically, the SiH-containing resinous copolymer is prepared by reacting a siloxane resin consisting 
essentially of R 2 Si0 1/2 units and Si0 4/2 units with a disiloxane (HR§ Si) 2 0 in the presence of an acidic 
catalyst. The reaction may generally be carried out by heating a mixture of the reagents and the catalyst. 
40 Following the reaction, the catalyst is preferably removed by means of filtration. 

Examples of suitable acidic catalysts for the preparation of the SiH-containing resinous copolymer are 
disclosed in U.S. Patent 4,774,310, previously incorporated by reference herein. Such catalysts include 
equilibration catalysts, e.g., trifluoromethane sulphonic acid; and other acidic catalysts such as, for example, 
HCI, H2SO4, supported acid catalysts, paratoluene sulphonic acid, and a FILTROL (Registered Trademark) 
45 clay, which is an acid-activated clay. 

The vinyl- or allyl-functional epoxides used in the preparation of component (C) are any number of 
aliphatic or cycloaliphatic epoxy compounds having olefinic moieties which will readily undergo addition 
reaction to SiH functional groups. Commercially obtainable examples of such compounds include allyl 
glycidyi ether, methallyl glycidyl ether, l-methyl-4-isopropenyl cyclohexeneoxide (limoneneoxide; SCM 
50 Corp.), 2,6-dimethyl-2-3-epoxy-7-octene (SCM Corp.), 1 ,4-dimethyl-4-vinylcyclohexeneoxide (Viking Chemi- 
cal Co.), and 4-vinylcyclohexeneoxide. 4-Vinylcyclohexeneoxide is preferred. 

Examples of suitable precious metal catalysts for the addition reaction involved in the preparation of 
component (C) include platinum-metal complexes which include complexes of ruthenium, rhodium, pal- 
ladium, osmium, iridium, and platinum. Platinum complexes are preferred. 
55 Component (C) is present in the composition of this invention in an amount ranging from about 1% to 

about 30%, preferably from about 20% to about 30%, and most preferably from about 25% to about 30%, 
percent by weight based on component (A). 

In preferred embodiments of the present invention, the composition of this invention further comprises a 
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hydrocarbon or halogenated hydrocarbon solvent in an amount sufficient to provide the composition with a 
solids content of from about 10% to about 50% by weight, preferably from about 10% to about 20% by 
weight, and most preferably 20% by weight; and a solvent content of from about 50% to about 90% by 
weight, preferably from about 80% to about 90%, and most preferably about 80% by weight, the 
5 percentages being based on the total weight of components (A)-(D). 

The presence of component (C) at levels of about 20% to about 30% and component (D) at an. amount 
sufficient to provide the composition of this invention with a soiids content of about 20% and a solvent 
content of about 80% leads to a release composition havong a release of 500 grams/2 inches and higher. 

Examples of hydrocarbon solvents which can be used herein include hexane, acetone, toluene, 
70 benzene, xylene, and mixtures thereof. An example of a halogenated hydrocarbon solvent is methylene 
chloride. Preferably, the solvent is a hydrocarbon solvent and most preferably a mixture of acetone and 
hexane having a acetone:hexane weight ratio of 1:1. 

The UV-curable release coating composition of the present invention is formed by simply mixing the 
epoxyfunctional silicone component, catalytic amounts of the catalyst, and suitable amounts of the 
75 controlled release additive, i.e., component (C). 

The UV-curable epoxyfunctional silicone compositions of the present invention can be applied to 
cellulosic and other substrates including paper, metal, foil, glass, polyethylene coated kraft paper, super- 
calendered kraft paper, polyethylene films, polypropylene films and polyester films. 

A photoinitiated reaction will cure the epoxyfunctional silicone compositions to form an abhesive surface 
20 on the coated substrate. Inerting of the cure environment, such as with nitrogen, may be desirable where 
the presence of oxygen inhibits the cure reaction; however, inerting is not necessary when the preferred 
onium salt photo initiators are used. 

In order that persons skilled in the art may better understand the practice of the present invention, the 
following examples are provided by way of illustration, and not by way of limitation. 

25 

Experimental 

In the examples below, the terms listed below have the indicated meanings: * 

"MQ" - describes a resinous copolymer comprising monovalent trialkyl units and tetravalent Si0 4/2 
30 units. 

"MM e Q" - describes resinous copolymer comprising monovalent epoxydialkyl units, monovalent trialkyl 
units, and tetravalent S1O4/2 units. 

"MM H Q" -describes resinous copolymer comprising monovalent hydrogendialkyl units, monovalent 
trialkyl units, and tetravalent Si0 4 /2 units. 

35 

Example 1 

This example illustrates the preparation of an SiH functional MQ resin, used to make the MM e Q 
resinous controlled release additive in the present invention. 
40 The SiH functional MQ resin was synthesized as follows: 

An MQ resin (340.8 grams as 60% solids in toluene), filtrol (Registered Trademark) 20 (2.4 grams) 
catalyst (hereinafter "acid catalyst") and tetramethyldisiloxane (3.28 grams) were combined in a one liter 
three necked flask equipped with a magnetic stirrer, a reflux condenser and a nitrogen inlet. The resulting 
mixture was heated at 100°C for 5 hours. The reaction mixture was allowed to cool to room temperature 
45 and then filtered to remove the catalyst. An infrared spectrum showed the presence of an Si-H peak at 
approximately 2200 cm -1 . 

Example 2 

50 Example 2 illustrates the synthesis of MM e Q, used as the controlled release additive in the composition 

of this invention. 

The MM H Q resin (150 grams) prepared in Example 1, toluene (100 grams), and platinum (0.02 grams) 
were combined in a one liter three necked flask equipped with a magnetic stirrer, a reflux condenser and a 
nitrogen inlet. The resulting reaction mixture was heated to 70 * C. 4-Vinylcyclohexeneoxide (34.9 grams) 
55 was slowly added to this mixture. A strong exotherm up to 85° C was observed. At the end of the addition, 
the reaction mixture was then heated at 70 "C for 2 hours. An infrared spectrum showed the absence of an 
Si-H peak at approximately 2200 cm" 1 . Tetram ethyl urea (0.02 grams) and 1-dodecanethiol (0.02 grams) 
were added to deactivate the platinum. 

5 
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Examples 3-5 

Example 3 illustrates the use of the MM e Q resin prepared in Example 2 above as a controlled release 
additive in the composition of this invention. 

Three samples were prepared comprising an MM e Q resin prepared according to the method described 
in Example 2 above, an epoxyfunctional silicone having an epoxy equivalent weight of 900, solvent (20% 
solids in 1:1 hexane/acetone) and 2% of the bis(dodecylphenyl)iodonium hexafluoroantimonate (hereinafter 
"UV catalyst"). The formulations of these samples are shown in Table 1 below. 

TABLE 1 



Formulations: Examples 3-5 


Example No. 


MM e Q 


Epoxy Silicone 


3 


10% 


90% 


4 


20% 


80% 


5 


30% 


70% 



20 The samples prepared in Examples 3-5 were coated on polyethylene coated Kraft paper and then cured 

in an RPC model QC1202 UV processor at a line speed of 100 ft/min in an ambient atmosphere using two 
Hg arc lamps at 200 watts power. Laminates were prepared on the sample-coated Kraft paper by applying 
the National Starch Rubber Based Adhesive and then pressing a sheet of uncoated super calendered Kraft 
(SCK) paper onto the adhesive layer. Release performance was measured by pulling the SCK-adhesive 

25 lamina from the sample coating-Kraft paper laminate at a 180 degree peel at 400 in/min using a Scott 
Machine Products tester. The force required to separate two-inch wide strips of the laminates over a period 
of time was recorded and the results are shown in Table 2 below. In addition to the release levels, the 
sound made as the laminates were separated was also recorded and summarized in Table 2 below. The 
individual cured release films used in these examples do not contain an even distribution of Q units, which 

30 results in the different sections of the film having different release properties, based on the amount of Q 
units in the region. The more Q units in a particular section, the greater the adhesion between the release 
film at that section and the adhesive laminate. Thus, the adhesive laminate will adhere more strongly to 
some portions of the release film than to others. The zipper-like sound as the laminates are separated is a 
result of the different release pockets between the various film sections and the adhesive laminate. The 

35 greater the force required to separate the laminates, the louder or "zippier" the sound. The lower the force 
required to separate the laminates, the quieter or less "zippy" the sound. In Table 2, the terms "z" and 
"sl.z. refers to "zippy" and "slightly zippy", respectively. 

TABLE 2 

40 Examples 3-5: Release Data 



Release (grams/2 inches) 



45 


Example No. 


Initial 


1 day 


1 week 


2 weeks 


4 weeks 




3 


70-90 
slz 


75-95 
slz 


100-130 
z 


90-120 

z 


80-100 
slz 


SO 


4 


140-180 
z 


500 
z 


500 
z 


500 
z 


500 
z 


55 


5 


500+ 

z • 


500+ 
z 


500+ 
z 


500+ 
z 


500+ 
z 



The data shown in Table 2 above indicates that the MM e Q resin has a significant effect on release and 
functions as a controlled release additive. It can also be seen from Table 2 that the presence of the 
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controlled release additive at amounts of 20% (Example 4) and 30% (Example 5) can provide the 
composition of this invention with release levels of 500 grams/2 inches and above. 

Example 6 

5 

An MM H Q resin (2000 grams as 60% solids in toluene), filtrol 20 (46.4 grams) and tetramethyldisiloxane 
(290 grams) were combined in a one liter three necked flask equipped with a magnetic stirrer, a reflux 
condenser and a nitrogen outlet. The resulting mixture was heated to 100°C for 5 hours. The reaction 
mixture was allowed to cool to room temperature and then filtered to remove the filtrol. An infrared 
io spectrum showed the presence of an Si-H peak at approximately 2200 cm -1 . A gasimetric hydride titration 
test showed the presence of 0.176% H. 

Example 7 



75 The MM H Q resin (2000 grams) prepared in Example 6 was combined with platinum (0.35 grams) in a 

one liter three necked flask equipped with a magnetic stirrer, a reflux condenser, and a nitrogen outlet. The 
resulting reaction mixture was heated to 70 °C. 4-Vinylcyclohexeneoxide (436 grams) was slowly added to 
this mixture. A strong exotherm up to 85 ° C was observed. At the end of the addition, the reaction mixture 
was then heated at 70 °C for 2 hours. An infrared spectrum showed the absence of an Si-H peak at 

20 approximately 2200 cm" 1 . Tetramethylurea (0.25 grams) and 1-dodeconethiol (0.1 gram) was added to 
deactivate the platinum. The reaction mixture was lightly stripped at 120°C and 1 mm until the % solids 
were approximately 80% by weight. 

Examples 8-10 and Comparative Example A 

25 " ~ 

Four samples were prepared containing an epoxyfunctional silicone, and 3% by weight of the UV 
catalyst. Three of the samples (Examples 8-10) contained MM e Q resins at levels of 10%, 20%, and 30%, 
the percents being by weight based on the weight of the epoxyfunctional silicone. Comparative A contained 
no MM e Q resin. The samples were coated on polyethylene coated Kraft paper and then cured via 2 banks 

30 of Fusion H lamps at a line speed of 100 ft/min. in an ambient atmosphere using two Hg arc lamps at 300 
watts power. Laminates were prepared as described in Examples 3-5 above. The release levels obtained 
versus the amount of MM e Q resin present are shown in Figure 1. In Figure 1, the term "NSRB" refers to the 
National Starch Rubber Based Adhesive used in the laminate with super calendered Kraft paper. 

It can be seen from Figure 1 that the release level of the composition of this invention is proportional to 

35 the amount of MM e Q resin present. Comparison of the results shown in Figure 1 and those obtained in 
Examples 3-5 shows that the compositions containing solvent have higher release than those which do not 
contain solvent. 

Claims 

40 

1. An improved ultraviolet radiation-curable epoxyfunctional silicone controlled release composition, com- 
prising: 

(A) an epoxyfunctional diorganopolysiloxane having the general formula 

45 R 2 R 1 SiO(RR 1 SiO) x (R 2 SiO) y SiR 2 R 1 (I) 

wherein R is individually a lower alkyl radical having from 1 to about 8 carbon atoms; R 1 individually 
is a monovalent cycloaliphatic epoxy-functional organic radical having from 2 to about 20 carbon 
atoms; M x n is a number ranging from about 1 to about 50; and "y" is a number ranging from about 1 
50 to about 1000; 

(B) a catalytic amount of a photocatalyst or a combination of photocatalysts; and 

(C) from about 1% to about 30% by weight based on (A) of a siloxane resin comprising monovalent 
R§ Si0 1/2 and R3R I Si0 1/2 units and tetravalent Si0 4 /2 units, the ratio of the monovalent units to 
tetravalent units being from about 0.6:1 to about 1.1:1; wherein R 2 individually is a monovalent 

55 hydrocarbon radical of no more than 2 carbon atoms, R 3 is a monovalent epoxy 

functional organic radical of from about 2 to about 20 carbon atoms; and the R 3 R 2 Si0 1/2 units 
comprising from about 1% to about 90% of the total number of monovalent units present. 



7 

3DOCID: <EP 047399 5A2_I_> 



EP 0 473 995 A2 



2. A composition according to claim 1 wherein R and R 2 are each methyl groups; R 1 and R 3 are each 
groups derived from 4-vinylcyclohexeneoxide; "x" is a number ranging from 1 to about 20; and "y" is a 
number ranging from about 1 to about 100. 

3. A composition according to claim 2 wherein "x" is a number ranging from 1 to about 10 and "y" is a 
number ranging from about 95 to about 100. 

4. A composition according to claim 1 wherein the photocatalyst is present in an amount within the range 
of from about 1 % to about 5% by weight based on component (A). 

5. A composition according to claim 1 wherein in component (C), the R 3 R| SiOi/2 units preferably 
comprise from about 10% to about 50% of the total number of monovalent units present. 

6. A composition according to claim 1 wherein component (C) is present in an amount within the range of 
from 20% to about 30% by weight based on component (A). 

7. A composition according to claim 1 further comprising a hydrocarbon solvent or halogenated hydrocar- 
bon solvent in an amount sufficient to provide the composition with a solids content of from about 10 to 
about 50% by weight and a solvent content of from about 50 to about 90% by weight, the percentages 
being based on the total weight of the composition. 

8. An improved ultraviolet radiation-curable epoxyfunctionalized silicone controlled release composition, 
having a release of at least about 500 grams/2 inches, comprising: 

(A) an epoxyfunctional diorganopolysiloxane having the general formula 

R 2 R 1 SiO(RR 1 SiOWR? SiO) y Si R 2 R 1 (I) 

wherein R is individually a lower alkyl radical having from 1 to about 8 carbon atoms; R 1 individually 
is a monovalent cycloaliphatic epoxy-functional organic radical having from 2 to about 20 carbon 
atoms; "x" is a number ranging from about 1 to about 50; and "y w is a number ranging from about 1 
to about 1000; 

(B) a catalytic amount of a photocatalyst or a combination of photocatalysts; and 

(C) from about 20% to about 30% by weight based on (A) of a siloxane resin comprising monovalent 
R§ Si0 1/2 and R 3 R| SiO^ units and tetravalent Si0 4 /2 units, the ratio of the monovalent units to 
tetravalent units being from about 0.6:1 to about 1.1:1; wherein R 2 individually is a monovalent 
hydrocarbon radical of no more than 2 carbon atoms, R 3 is a monovalent epoxy functional organic 
radical of from about 2 to about 20 carbon atoms; and the R 3 R| Si0 1/2 units comprising from about 
1% to about 90% of the total number of monovalent units present; and 

(D) a hydrocarbon solvent in an amount sufficient to provide the composition with a solids content of 
about 20% by weight and a solvent content of about 80% by weight, the percentages being based 
on the total weight of components (A)-(D). 

. A composition according to claim 8 wherein (A) is a dimethylepoxy-chainstopped polydimethyl- 
methylepoxysiloxane having the general formula 

(CH 3 ) 2 R 1 SiO(CH 3 R 1 SiO) x [(CH 3 ) 2 SiO] y Si (CH 3 ) 2 R 1 

wherein R 1 is a monovalent cycloaliphatic epoxy-functional organic radical derived from 4-vinyl- 
cyclohexeneoxide; "x" is a number ranging from about 1 to about 20; and "y" is a number ranging 
from about 1 to about 100; (B) is a bis(dodecylphenyl)iodonium hexafluoroantimonate present in an 
amount within the range of from about 1% to about 5% by weight based on (A); (C) is a siloxane resin 
comprising monovalent (CH 3 )3Si0 1/2 and R 3 (CH 3 ) 2 SiOi /2 units and tetravalent SIO4/2 units, present in an 
amount within the range of from about 20% to about 30% by weight based on (A), the ratio of the 
monovalent units to tetravalent units being from about 0.6:1 to about 1.1:1, wherein R 3 is a monovalent 
cycloaliphatic epoxy-functional organic radical derived from 4-vinylcyclohexeneoxide; the R 3 (CH 3 )- 
2 Si0 1/2 units comprising from about 10% to about 50% of the total number of monovalent units present; 
and (D) is selected from the group consisting of acetone, hexane, toluene, methylene chloride, or a 
mixture of the foregoing. 
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10. A composition according to claim 9 wherein "x" is a number ranging from about 1 to about 10; "y" is a 
number ranging from about 95 to about 100; (B) is present in an amount within the range of from about 
1% to about 3% by weight based on (A); (C) is present in an amount within the range of from about 
25% to about 30% by weight based on (A); the R 3 (CH 3 )2Si0 1/2 units in (C) comprise from about 10% to 
5 about 25% of the lotal number of monovalent units present; and (D) is a mixture of hexane and acetone 

with a hexane:acetone weight ratio of 1:1. 



w 



15 



20 



25 



30 



35 



40 



45 



50 



55 



>DOCID: <EP 0473995A2_I_> 



EP 0 473 995 A2 



FIG.I 




MSDOCID- <EP 047399SA2_I_> 



10 



® 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 473 995 A3 



© 



© Application number: 91113743.8 
© Date of filing: 16.08.91 



EUROPEAN PATENT APPLICATION 

© mt. ci. s : C09D 183/06, C09J 7/02 



© Priority: 24.08.90 US 573416 


© Applicant: GENERAL ELECTRIC COMPANY 




1 River Road 


@ Date of publication of application: 


Schenectady, NY 12345(US) 


11.03.92 Bulletin 92/11 






© Inventor: Riding, Karen Dorothy 


© Designated Contracting States: 


21 Bellwood Way 


BE DE DK ES FR GB IT NL SE 


Castleton, New York 12033(US) 


® Date of deferred publication of the search report: 




01.07.92 Bulletin 92/27 


© Representative: Schuler, Horst, Dr. et al 




Patentanwalt, Kaiserstrasse 69 




W-6000 Frankfurt/Main 1(DE) 



© Epoxy-functionalized siloxane resin copolymers as controlled release additives. 



© An ultraviolet radiation-curable epoxyfunctionaliz- 
ed silicone controlled release composition having 
increased release levels is provided, comprising: 

(A) an epoxyfunctional diorganopolysiloxane; 

(B) a catalytic amount of a photocatalyst or a 
combination of photocatalysts; and 

(C) from about 1% to about 30% by weight based 
on (A) of an epoxyfunctional siloxane resinous 
controlled release additive comprising monovalent 



siloxane and epoxyfunctional siloxane units and 

tetravalent Si02 units. 
A release of at least 500 grams/2 inches is 
achieved by using from about 20% to about 30%, 
preferably from about 25% to about 30%, of compo- 
nent (C) and dispersing components (A)-(C) in (D) an 
amount of a hydrocarbon solvent sufficient to pro- 
vide the composition with a solids content of about 
20% and a solvent content of about 80%. 



FIG.I 

00 -j 




Rank Xerox (UK) Business Services 

SDOCID: <EP 0473995A3 I > 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 91 11 3743 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Y.O 



Citation of document with indication, where appropriate, 
of relevant passages 



GB2 084 598 (GENERAL ELECTRIC) 

* claim 1 * 

EPO 355 381 (GENERAL ELECTRIC) 
4 US-A-4. 952. 657(D) 

* claim 14 * 

US 4 547 431 ( ECKBERG) 

* claim 1 * 

US4 322 518 (BLIZZARD) 

* column 8, line 1 - line 14; claim 1 * 



Relevant 
to < 



1-10 



1-10 



1-10 



CLASSIFICATION OF THE 
APPLICATION (lot- CL5 ) 



C09D183/06 
C09J7/02 



TECHNICAL FIELDS 
SEARCHED (tot. CI. 5 ) 



Tbc present scarce report has been drawn up for all claims 



C09D 
CQ9J 
C08L 



Placa tfunk 


Data •fcM V MiMifttoM«ii 




THE HAGUE 


21 APRIL 1992 


LEWTZ J.C. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant If combined with another 

document of the same category 
A : techaoloficaJ background 
O : aon-written disclosure 
P r Intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published. r~ - 

after the filing date 
D : document deed in the application 
L : document died tor other reasons 



dk : member of tb« same patent family, corresponding 



0473995A3 I > 



